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(57) ABSTRACT

A tire inflation system for a vehicle. The tire inflation system
may include a gas supply subsystem that may supply pres-
surized gas to a tire via first conduit that may be connected to
an axle shaft.
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1
TIRE INFLATION SYSTEM WITH
EXTERNAL PRESSURIZED GAS ROUTING

TECHNICAL FIELD

This patent application relates to a tire inflation system that
may provide pressurized gas for inflating a tire external to a
wheel end assembly.

BACKGROUND

A tire inflation system is disclosed in U.S. Pat. No. 7,931,
061.

SUMMARY

In at least one embodiment, a tire inflation system for a
vehicle is provided. The tire inflation system may include a
wheel end assembly, an air skirt, and a gas supply subsystem.
The wheel end assembly may have a tire that may be rotated
about an axis by an axle shaft. The air skirt may be spaced
apart from and may extend over the wheel end assembly to at
least partially conceal the tire. The gas supply subsystem may
supply pressurized gas to the tire. The gas supply subsystem
may include a first conduit and a second conduit. The first
conduit may extend from the air skirt to the axle shaft. The
second conduit may supply pressurized gas to the tire.

In at least one embodiment, a tire inflation system for a
vehicle is provided. The tire inflation system may include a
wheel end assembly, a cross member, and a gas supply sub-
system. The wheel end assembly may have a tire that may be
rotated about an axis by an axle shaft. The cross member may
be disposed on a body side panel of the vehicle and may
extend across a wheel opening. The gas supply subsystem
may supply pressurized gas to the tire. The gas supply sub-
system may include a first conduit and a second conduit. The
first conduit may be disposed proximate the cross member
and may extend from the cross member to the axle shaft. The
second conduit may supply pressurized gas to the tire.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of an exemplary vehicle having a
tire inflation system.

FIGS. 2 and 3 are section views of exemplary wheel end
assemblies and an air skirt that may be provided with the
vehicle.

FIGS. 4 and 5 are section views of cross members that may
be provided with the tire inflation system.

DETAILED DESCRIPTION

Asrequired, detailed embodiments of the present invention
are disclosed herein; however, it is to be understood that the
disclosed embodiments are merely exemplary of the inven-
tion that may be embodied in various and alternative forms.
The figures are not necessarily to scale; some features may be
exaggerated or minimized to show details of particular com-
ponents. Therefore, specific structural and functional details
disclosed herein are not to be interpreted as limiting, but
merely as a representative basis for teaching one skilled in the
art to variously employ the present invention.

Referring to FIG. 1, an exemplary vehicle 10 is shown. The
vehicle 10 may be a motor vehicle like a truck, bus, farm
equipment, military transport or weaponry vehicle, or cargo
loading equipment for land, air, or marine vessels. For
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example, the vehicle 10 may be configured as a truck and may
include a tractor 12 and a trailer 14.

The tractor 12 may receive a driver and may propel and
steer the vehicle 10. For example, the tractor 12 may have a
plurality of axle assemblies 16. The front axle assembly 16
may be configured to steer the vehicle 10. In addition, the
front axle assembly 16 may or may not be configured as a
drive axle that provides torque to propel the vehicle 10. The
rear axle assembly 16 may be disposed rearward of the front
axle assembly 16 and may configured as a drive axle in one or
more embodiments. In FIG. 1, a tandem rear axle configura-
tion is shown, but a different number of rear axle assemblies
may be provided in various embodiments.

The trailer 14 may be coupled to the tractor 12 and may be
configured to receive cargo. A front portion of the trailer 14
may extend over a rear axle assembly 16 of the tractor 12.

Referring to FIG. 2, a portion of an axle assembly 16 is
shown in more detail. The axle assembly 16 may be config-
ured as a drive axle that may receive torque from a power
source, such as an internal combustion engine or electric
motor. Alternatively, the axle assembly 16 may be configured
as a non-drive axle in one or more embodiments. The axle
assembly 16 may or may not be steerable. In a drive axle
configuration, the axle assembly 16 may include an axle
housing 20, an axle shaft 22, a spindle 24, and a wheel end
assembly 26.

The axle housing 20 may receive various components of
the axle assembly 16. In addition, the axle housing 20 may
facilitate mounting of the axle assembly 16 to the vehicle 10.
The axle housing 20 may define a cavity that may receive at
least a portion of the axle shaft 22.

The axle shaft 22 may provide torque to the wheel end
assembly 26 to propel the vehicle 10. For instance, the axle
shaft 22 may be connected at a first end to a vehicle drivetrain
component, like a differential or input shaft, and may be
coupled to the wheel end assembly 26 at a second end. In at
least one embodiment, the axle shaft 22 may extend along and
may rotate about an axis 30. Alternatively, the axle shaft 22
may be configured for use with an independent suspension
system and may have multiple shaft segments and/or joints,
such as constant-velocity joints, that may facilitate relative
movement between the first end and the wheel end assembly
26. The axle shaft 22 may include an axle flange 32 disposed
at a distal end. The axle flange 32 may facilitate mounting of
the wheel end assembly 26 to the axle shaft 22. In a non-drive
axle configuration, the axle shaft 22 may be omitted.

The spindle 24 may be provided with or may be fixedly
positioned with respect to the axle assembly 10. The spindle
24 may generally extend along but may not rotate about the
axis 30. In a drive axle configuration, the spindle 24 may
include a first end surface 40, a second end surface 42, an
internal surface 44, an external surface 46, and a hole 48. In a
non-drive axle configuration, the internal surface 44 and the
hole 48 may be omitted. Moreover, in a steerable non-drive
axle configuration, the spindle 24 may be provided with or
may be fixedly positioned with respect to a steering knuckle
rather than the axle housing 20. The first end surface 40 may
be disposed proximate or may engage the axle housing 20.
The second end surface 42 may be disposed opposite the first
end surface 40 and may be located near the axle flange 32. The
internal surface 44 may extend between the first end surface
40 and the second end surface 42 and may at least partially
define the hole 48 through which the axle shaft 22 may
extend. As such, the spindle 24 may be spaced apart from the
axle shaft 22 to permit the axle shaft 22 to rotate about the axis
30. The external surface 46 may be disposed opposite the
internal surface 44. The external surface 46 of the spindle 24
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may support one or more wheel bearings that may rotatably
support the wheel end assembly 26 as will be discussed in
more detail below.

The wheel end assembly 26 may be rotatably coupled to the
axle shaft 22. The wheel end assembly 26 may include a hub
50, a wheel end seal assembly 52, a brake subsystem 54, a
wheel 56, and a tire 58.

The hub 50 may be rotatably disposed on the spindle 24.
For instance, one or more wheel bearings may be mounted on
spindle 24 and may rotatably support the hub 50. In FIG. 2, a
first wheel bearing 60 and a second wheel bearing 62 are
provided in a cavity 64 that is located between the spindle 24
and the hub 50. The first wheel bearing 60 may be disposed
inboard or further from the second end surface 42 than the
second wheel bearing 62. As such, the hub 50 may be con-
figured to rotate about the axis 30. In a drive axle configura-
tion, the axle flange 32 may be coupled to the hub 50 with one
or more fasteners 66. As such, the hub 50 may rotate with the
axle shaft 22. In a non-drive axle configuration, the hub 50
may not be coupled to an axle 22 or axle flange 32.

The wheel end seal assembly 52 may be disposed between
the spindle 24 and the hub 50. The wheel end seal assembly 52
may inhibit contaminants from entering the cavity 64 and
may help retain lubricant in the cavity 64. In at least one
embodiment, the wheel end seal assembly 52 may be fixedly
disposed with respect to the hub 50 and may rotate about the
axis 30 and with respect to the spindle 24.

The brake subsystem 54 may be adapted to slow or inhibit
rotation of at least one associated wheel 56. For example, the
brake subsystem 54 may be configured as a friction brake,
such as a drum brake or a disc brake. In FIG. 2, a portion of the
brake subsystem 54 is shown with a drum brake configura-
tion. In a drum brake configuration, a brake drum 70 may be
fixedly disposed on the hub 50 with one or more fasteners 72,
such as wheel lug studs. The brake drum 70 may extend
continuously around brake shoe assemblies (not shown) that
may be configured to engage the brake drum 70 to slow
rotation of an associated wheel 56.

The wheel 56 may be fixedly disposed on the hub 50. For
example, the wheel 56 may be mounted on the hub 50 via the
fasteners 72. More specifically, the wheel 56 may have a
wheel mounting flange 74 that may have a set of holes that
may each receive a fastener 72. A lug nut 76 may be threaded
onto each fastener to secure the wheel 56 to the fasteners 72
and the hub 50. The lug nut 76 may engage or may be dis-
posed proximate an outboard side 78 of the wheel mounting
flange 74 that faces way from the brake drum 70 or toward the
axle flange 32. The wheel 56 may be configured to support the
tire 58. The tire 58 may be a pneumatic tire that may be
inflated with a pressurized gas or pressurized gas mixture.

A tire inflation system 80 may be associated with the wheel
end assembly 26. The tire inflation system 80 may be dis-
posed on the vehicle 10 and may be configured to provide a
pressurized gas or pressurized gas mixture to one or more
tires 58. For clarity, the term “pressurized gas” may refer to
either a pressurized gas or a pressurized gas mixture. The tire
inflation system 80 may include a control system that may
monitor and control the inflation of one or more tires 58, a
pressurized gas source 82, and a gas supply subsystem 84.

The pressurized gas source 82 may be configured to supply
or store a volume of a pressurized gas or pressurized gas
mixture, like air or nitrogen. For example, the pressurized gas
source 82 may be a tank and/or a pump like a compressor. The
pressurized gas source 82 may be disposed on the vehicle 10
and may provide a pressurized gas or pressurized gas mixture
at a pressure that is greater than or equal to a desired inflation
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pressure of a tire 58. As such, the pressurized gas source 82
may inflate a tire or maintain a desired tire pressure.

The gas supply subsystem 84 may fluidly connect the pres-
surized gas source 82 to the tire 58. The gas supply subsystem
84 may include one or more conduits, such as a hose, tubing,
pipe, or combinations thereof. In FIG. 2, afirst conduit 90 and
a second conduit 92 are shown. The first conduit 90 may be
fluidly connected to or may receive pressurized gas from the
pressurized gas source 82 and supply pressurized gas to the
wheel end assembly 26. The second conduit 92 may supply
pressurized gas to the tire 58. In addition, one or more valves
may be associated with or provided with a conduit to enable
or disable the flow of the pressurized gas from the pressurized
gas source 82 to one or more tires 58. The flow of pressurized
gas is represented by the small arrows in the conduits in the
Figures.

Referring again to FIG. 1, two examples of gas supply
subsystems 84 are shown. A first version 100 of a gas supply
subsystem 84 is shown with the front axle assembly 16 and a
second version 102 of a gas supply subsystem 84 is shown
with the rear axle assemblies 16. The positioning of the first
and second versions 100, 102 on the vehicle 10 is merely an
example. For instance, the first version 100 of the gas supply
subsystem 84 may be provided with one or more rear axle
assembly 16 or the second version 102 of the gas supply
subsystem 84 may be provided with a front axle assembly 16.

Referring to FIGS. 1 and 2, the first version 100 of the gas
supply subsystem 84 may include an air skirt 110. The air
skirt 110 may be mounted to a chassis and/or a body side
panel 112 of the vehicle 10. The body side panel 112 may
form an exterior surface of the vehicle 10 and may be pro-
vided with the tractor 12 and/or trailer 14 in one or more
embodiments. The air skirt 110 may be spaced apart from the
wheel end assembly 26 and may help improve vehicle aero-
dynamics to improve fuel economy. In addition, the air skirt
110 and may extend downward or toward a road or support
surface 114 upon which the vehicle 10 may be disposed. The
air skirt 110 may extend at least partially over the wheel end
assembly 26 to at least partially conceal the tire 58. For
example, the air skirt 110 may extend downward past the axis
30 and may conceal or cover more than half of the axle flange
32, the wheel 56, and the tire 58. In at least one embodiment,
the air skirt 110 may include an exterior surface 120, an
interior surface 122, and a hinge 124.

The exterior surface 120 may be an exterior surface of the
vehicle 10. The exterior surface 120 may face away from the
wheel 56 and tire 58.

The interior surface 122 may be disposed opposite the
exterior surface 120. The interior surface 122 may face
toward and may be spaced apart from the wheel 56 and the tire
58. In at least one embodiment, the first conduit 90 may be
disposed proximate the interior surface 122. For example, the
first conduit 90 may be entirely or partially configured as a
tube, pipe, or the like that may be mounted to the air skirt 110
or may be partially configured as a through hole that may be
at least partially defined in the air skirt 110. For example, the
first conduit 90 may be disposed on or may engage the interior
surface 122 as is best shown in the upper portion of the air
skirt 110 shown in FIG. 2. In at least one embodiment, the first
conduit 90 may be received in a groove 126 that may be
configured as an indentation in the interior surface 122. The
first conduit 90 may be snap fit or pressed into the groove 126
to mount the first conduit 90 to the air skirt 110. In addition or
alternatively, the first conduit 90 may extend through or may
be configured as a through hole that may extend through the
air skirt 110 as is best shown in the lower portion of the air
skirt 110 shown in FIG. 2.
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The hinge 124 may be disposed proximate the air skirt 110.
In FIG. 1, the hinge 124 is disposed on an interior surface of
the body side panel 112 and the interior surface 122 of the air
skirt 110. The hinge 124 may allow the air skirt 110 to pivot
or move with respect to the body side panel 112. For example,
the hinge 124 may allow the air skirt 110 to pivot about a
hinge axis 130 and move away from the wheel end assembly
26 to provide access to the wheel end assembly 26 to facilitate
servicing, such as removing the wheel 56 or changing a tire
58. In FIGS. 1 and 2, the air skirt 110 is shown in a nominal
position in which the air skirt 110 is not pivoted about the
hinge axis 130. The hinge 124 may be generally positioned
near an edge of a wheel opening and above the outside cir-
cumference of the tire 58 in one or more embodiments.

Referring to FIG. 2, the routing of pressurized gas from the
air skirt 110 to the tire 58 will now be discussed in more detail.
At least a portion of the first conduit 90 may extend from the
air skirt 110 to the axle shaft 22 or the axle flange 32. The first
conduit 90 may be configured to flex or extend to facilitate
pivoting of the air skirt 110 about the hinge axis 130 and/or to
facilitate movement of the axle assembly 16 with respect to
the air skirt 110. For example, the first conduit 90 may be
disposed in a coil or may have a serpentine configuration
between the air skirt 110 and the axle shaft 22 when the air
skirt 110 is in the nominal position and may uncoil or extend
when the air skirt 110 is pivoted away from the wheel end
assembly 26. Movement of the axle assembly 16 may occur
due to operation of a vehicle suspension system. More spe-
cifically, the axle assembly 16 may be mounted to a vehicle
suspension system and may move to compensate for road
surface variations and improve ride comfort and perfor-
mance.

A rotary coupling 140 may be provided to permit the axle
shaft 22 to rotate with respect to the first conduit 90. The
rotary coupling 140 may be disposed between the air skirt 110
and the axle shaft 22. For example, the rotary coupling 140
may be disposed between the air skirt 110 and a first end or
portion of the first conduit 90 that is disposed proximate the
air skirt 110 and/or at a second end of the first conduit 90 that
is disposed proximate the axle flange 32. In FIG. 2, the rotary
coupling 140 is disposed between the first conduit 90 and the
axle flange 32 and may be located near the axis 30 or may be
coaxially disposed with the axis 30.

An intermediate passage 150 may fluidly connect the first
conduit 90 to the second conduit 92. The intermediate pas-
sage 150 may be disposed in the wheel end assembly 26. The
intermediate passage 150 may include an axle flange port
152, a third conduit 154, and a hub passage 156.

The axle flange port 152 may be provided in the axle flange
32. The axle flange port 152 may be configured as a through
hole that may extend through the axle shaft 22 and/or axle
flange 32. In at least one embodiment, the axle flange port 152
or a portion thereof may be coaxially disposed with the axis
30. The axle flange port 152 may be disposed proximate or
may receive the rotary coupling 140 in one or more embodi-
ments. As such, the first conduit 90 may supply pressurized
gas to the axle flange port 152.

The third conduit 154 may extend between and may fluidly
connect the axle flange port 152 to the hub passage 156. The
third conduit 154 may be disposed in the cavity 64 in the
wheel end assembly 26 and may be spaced apart from the
spindle 24. The third conduit 154 may have any suitable
configuration. For example, the third conduit 154 may be
configured as a tube, pipe, or the like.

The hub passage 156 may be provided in the hub 50. The
hub passage 156 may be configured as a through hole that
may extend through the hub 50. The hub passage 156 may
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extend radially with respect to the axis 30 in one or more
embodiments. The hub passage 156 may provide pressurized
gas to the second conduit 92.

Referring to FIG. 3, another version of an axle assembly 16
and gas supply subsystem 84 is shown. FIG. 3 is similar to
FIG. 2, but is configured such that pressurized gas is not
routed through the interior of the wheel end assembly 26.
Instead, the second conduit 92 may be routed external to the
wheel end assembly 26, such as from the rotary coupling 140
to the tire valve. As such, the axle flange port 152, third
conduit 154, and hub passage 156 may be omitted.

Referring to FIGS. 1, 4 and 5, a second version 102 of the
gas supply subsystem 84 is shown. The second version 102 of
the gas supply subsystem 84 may include a cross member
160. The cross member 160 may be disposed on the body side
panel 112 and may extend across a wheel opening 162 that
may receive the wheel end assembly 26. In at least one
embodiment, the cross member 160 may extend along a cross
member axis 164. The cross member axis 164 may extend in
a substantially horizontal manner across the wheel opening
162.

The cross member 160 may be provided in various con-
figurations. For example, the cross member 160 may be con-
figured as a tube that may define an internal passage 170 that
may provide pressurized gas to the first conduit 90 as is best
shown in FIG. 4. The internal passage 170 may have an inlet
and an outlet 172. The inlet may receive pressurized gas from
the pressurized gas source 82. The outlet 172 may supply
pressurized gas to the first conduit 90 or a portion of the first
conduit 90 that may fluidly connect the cross member 160 to
the axle flange port 152. The outlet 172 may be disposed
proximate or may be coaxially disposed with the axis 30. A
rotary coupling 140 may be disposed between the outlet 172
and the axle flange port 152. In FIG. 4, the rotary coupling 140
is disposed between the first conduit 90 and the axle flange
port 152 of the axle shaft 22.

Referring to FIG. 5, the cross member 160 may be config-
ured such that it does not provide pressurized gas to the first
conduit 90. Instead, the first conduit 90 may be configured as
a separate component from the cross member 160. In such an
embodiment, the first conduit 90 may extend through the
internal passage 170 may be received in a groove 174 in the
cross member 160. The first conduit 90 may be received inthe
groove 174 such that the first conduit 90 may be snap fit or
pressed into the groove 174 to mount the first conduit 90 to the
cross member 160. Alternatively, the first conduit 90 may be
fastened to the cross member 160 with a separate component
that may have any suitable configuration. For instance, a
fastener like a clip or clamp may be employed to secure the
first conduit 90. The first conduit 90 may be disposed in a coil
or may have a serpentine configuration between the cross
member 160 and the axle shaft 22 and may be configured to
flex or extend to facilitate pivoting of the air skirt 110 about
the hinge axis 130 and/or to facilitate movement of the axle
assembly 16 with respect to the cross member 160 as previ-
ously discussed.

Referring again to FIG. 4, the cross member 160 may be
removable from the vehicle 10 to facilitate maintenance or
repair actions, such as removal of the wheel 56 or changing a
tire 58. For example, the cross member 160 may be disen-
gaged from the body side panel 112 at one or both ends to
facilitate access to the wheel end assembly 26. The cross
member 160 may be selectively secured to the vehicle 10 with
a mounting assembly 180. The mounting assembly 180 may
include one or more mounting brackets 182 and a retaining
member 184. One or more mounting brackets 182 may be
fixedly disposed on the cross member 160 and/or the body
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side panel 112. The mounting brackets 182 may include an
aperture 186 that may be configured to receive the retaining
member 184. The retaining member 184 may have any suit-
able configuration. For example, the retaining member 184
may be configured as a pin or a key that may be disposed
between the cross member 160 and the body side panel 112.
The retaining member 184 may extend through one or more
apertures 186 in the mounting brackets 182 to secure the cross
member 160 to the body side panel 112. The retaining mem-
ber 184 may be removed from the one or more apertures 186
to release the cross member 160 from the body side panel 112.
Alternatively, the mounting assembly 180 may include
clamps and fasteners that may secure the cross member 160 to
the vehicle 10.

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms of the invention. Rather, the words used in the specifi-
cation are words of description rather than limitation, and it is
understood that various changes may be made without depart-
ing from the spirit and scope of the invention. Additionally,
the features of various implementing embodiments may be
combined to form further embodiments of the invention.

What is claimed is:

1. A tire inflation system for a vehicle comprising:

a wheel end assembly having a tire that is configured to be

rotated about an axis by an axle shaft;

an air skirt that is spaced apart from the wheel end assem-

bly and that extends over the wheel end assembly to at
least partially conceal the tire, wherein the air skirt has a
groove that faces toward the tire such that the groove is
open in a direction that faces toward the tire; and

a gas supply subsystem that supplies pressurized gas to the

tire, wherein the gas supply subsystem includes a first
conduit that extends from the air skirt to the axle shaft
and a second conduit that supplies pressurized gas to the
tire, wherein the first conduit is snap fit into the groove to
mount the first conduit to the air skirt.

2. The tire inflation system of claim 1 wherein the first
conduit extends through the air skirt.

3. The tire inflation system of claim 1 wherein the air skirt
includes an exterior surface that faces away from the tire and
an interior surface that faces toward the tire, wherein the first
conduit is disposed on the interior surface.

4. The tire inflation system of claim 3 wherein the groove
extends from the interior surface.

5. The tire inflation system of claim 1 further comprising a
rotary coupling that is disposed proximate an axle flange that
is disposed at a distal end of the axle shaft, wherein the rotary
coupling permits the axle shaft to rotate with respect to the
first conduit.

6. The tire inflation system of claim 5 wherein the second
conduit extends from the rotary coupling to a wheel.

7. The tire inflation system of claim 5 wherein the rotary
coupling is coaxially disposed with the axis.
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8. The tire inflation system of claim 5 wherein the second
conduit is entirely disposed outside the wheel end assembly.

9. The tire inflation system of claim 5 wherein the axle
flange that has an axle flange port and the wheel end assembly
has an intermediate passage, wherein the first conduit sup-
plies pressurized gas to the axle flange port and the interme-
diate passage fluidly connects the first conduit to the second
conduit.

10. The tire inflation system of claim 1 wherein the air skirt
further comprises a hinge that permits the air skirt to pivot
away from the wheel end assembly.

11. The tire inflation system of claim 10 wherein the first
conduit is disposed in a coil between the air skirt and the axle
shaft when the air skirt is in a nominal position.

12. A tire inflation system for a vehicle comprising:

a wheel end assembly having a tire that is configured to be

rotated about an axis by an axle shaft;

a cross member that is disposed on a body side panel of the
vehicle and that extends across a wheel opening,
wherein the cross member has a groove that faces toward
the tire such that the groove is open in a direction that
faces toward the tire; and

a gas supply subsystem that supplies pressurized gas to the
tire, wherein the gas supply subsystem includes a first
conduit that is disposed proximate the cross member and
that extends from the cross member to the axle shaft and
a second conduit that supplies pressurized gas to the tire,
wherein the first conduit is snap fit into the groove to
mount the first conduit to the cross member.

13. The tire inflation system of claim 12 wherein the cross

member includes an outlet that is disposed proximate the axis.

14. The tire inflation system of claim 12 wherein the cross
member extends along a cross member axis that extends
substantially horizontal across the wheel opening.

15. The tire inflation system of claim 12 wherein the first
conduit extends from the cross member to an axle flange port
that is provided with the axle shaft.

16. The tire inflation system of claim 15 wherein the first
conduit extends through the cross member.

17. The tire inflation system of claim 15 wherein the cross
member supplies pressurized gas to the first conduit.

18. The tire inflation system of claim 15 further comprising
a rotary coupling that is disposed proximate the first conduit
and that permits the axle shaft to rotate with respect to the first
conduit.

19. The tire inflation system of claim 18 wherein the rotary
coupling is disposed between the first conduit and the axle
shaft.

20. The tire inflation system of claim 12 further comprising
a mounting assembly for removably securing the cross mem-
ber to the body side panel, wherein the mounting assembly
includes a retaining member that extends through an aperture
in a mounting bracket that extends from the cross member.
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